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(54) GAS SENSOR ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas sensor element affected hardly by a leak 
current and capable of detecting a concentration of a specified gas component 
accurately. 

SOLUTION: This element is provided with a pump cell 2. a sensor cell 4 and a heater 1 9. 
The pump cell 2, the sensor cell 4 and the heater 19 have respectively terminal parts for 
electrification or for taking out an output, and the each terminal part imposed to the 
sensor cell 4 is electrically separated from the terminal parts imposed to the heater 19 
and the pump cell 2 along a thickness direction via insulation layers. 
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:»x^izmm^mA^rz\m{iir^j:om^^n, ±15 

±IB7p>:/-fe;u, ±fB-t>-y-b:;i/S.D!:±IBt— rS' 

mmm^tt<D»mzwtmz-M<Dnmt^iom^^ 
mmmt^(D»m\zmi>nz-n(Dmmt^r)m^-^n. 

fEa^ill^;^ x^ro^j^iSS^^ffi-r -5 J; p n. 
tB^ ::::$'-fe;l/^B»r^©«ttSS(rM^ STin^-r -5 J; 5 

mmz^io^m-r^^mw^mA., ±tit^yf-t)i. ± 
iB-t>-y-fe;k ±15^11 5'-fc;i'Sc/±fBb-5'«, 

-tr >-^m^<Dm^is{^ \zmmm^^ lt±ib t - ^s.?>' 
-5 c: t sr#® t -r ^ x-t >-y-^^ , 

T. ±IB;^fX-b>-y-*^^«S*;yX75tigA$n?)cl;^« 

m^nrzmm:fj7.M=s:mv, ±mm\^:»x^t±mm 
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*t±IBJ6itBTfe ^ i i&ltg^ t f ^ X-fe >-y-^^ o 
b:-^t5rti;^fe:tfX-t>-y-3!I^TS-pT. ±IBSE 

n^jzdWfiK^n, ±tB4^>7'-fe;i'tt, mM^-^>nm, 
;yx^(3Ki^^aiA^Act»ai-r^i5i#fiK$n. ±tB 

ScD-:^«±sBa^iffl5£:tfX^<i:«Bb. MjPi]^;^fx4'(D 

la, ±iBJ}t>y-fe;uRyt±tB-t>-y-fe;p$:m^©gttia 

±l3»a!i:t;<fx^<h?*®b, ±aB«^ate:jtfx^<7)Si^ift 

i -r ^ X -b >-y-^^^. 

«±fB# >:/•t;K7)«s^g6^S^^T±fB t - 5- ©sstsu 
^. 

[»*«8] iil*3S5*fctt6{C:*5ViT. I^-TB± 
fc43ViT±ffi-t: >-y-fe;i'*fc«±sB*- ^•fe;KDi^^gK 
«±tB5}^ > T-fe;USU:±IB t - ©SS^SB t *^feM*s 

T. ±IB-b>+(-b;l/CD«^g|5<i:±lB^>^-t;l'3SiOt±|3 

T±l3-fe >-y-b Jl/St;±IB^: - ii7 -fe JKD<a^giJ t ±fB>i^ 
>7-b;PS Wt±IB t - 5^ ©Sfg^^fflJ <!: © Pb^ H « if ^ > K 
^^fiK*<St*Tfe5 C t«:!|#8it-r5:iJX-fe>-y-3^^. 
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50 iftiB^i'^] i^wm., ^wmn'smm(r)m%.%m\z 
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[0 0 0 2] 

N O X J; < «im^tg;^:tf 7.-fe >-y-5SI^ 

CO 0 0 3] 

^-bji/^-fe>-y-b;i/ (^KE-r*Jtij«aj#fig) sgsn-s* 

[0 0 0 4] LA^L;^id^e>. ti£*<D:«/7.-tr>1}-^^T« 

[0 0 0 5] *f6Bj«, t)^^^^u^(Dmm,^\z§^^xrji 

[0 0 0 6] 

^^t*-pt, ±ti^m^i3xmm^(Dmmi&m<DT\z 
«. ^m^^>mm^<Dm»mMm^t't<D&m\zmi-t 

m\zJ:io±^i^m^U7.mzmm=s:mx^rz\mth-r^ 

figfl£««S« t^-©«cBlrKlt^c-Jt*<DmSi: J: D 

fiK^n. JLI2t-^'«. ±|BJt?>:>'-lr;i/at;±l2-fe>-ti- 
o%5|ft-rs%i?*«:=&<i^, ±l2#>7^-t;U, ±IE-fe>+>- 

-^Bixf±m^->-:^±MzA^ti^ ^ m^^tm%m iz^^ 
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[0 0 0 7] ^2<7)%W«. ^w^fiT.mtTf^y^t 

mizmnz-n<Dnmt^<om&^n, ±fB-^*(D«® 
mmit(Dm<$-mmmis.t^(D^mizmnz~n<Dmi 

^ck5«^$n. ±IB^n^-fe;Hi. K5!?'f:t>#mi4 
^^n, ±i3t-iS'«. Jit2:4^>:/-fe;i/, ±i5-t>-9-fe 

±ia-b>+i-fe;i'. ±S5^x:^-feji/Szj:±8at-3' 
mti3:^±>^m^<Dm^:^f^\zimm^ift[^x±$&\i 

CO 0 0 81 m3<amm\t, S«lJt:tfX^t7H>^-fe;i/ 

mnmt^(D^m\zmmz~n(DnmtJzy)mm.^n, 
^m^oym^mm izm^^ xmmr^J: omm\z^<o% 

[0 0 0 9] mi. ^2. m3 0^W»3*^*^-5;«J7.-fc> 
50 -fe;wRt;k-5't. •fe>-9-fe;u (M2©«|«{cotiT« 
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[0 0 10] £i±, *5gBJirJ;n«, 'j-i^«S!tco^# 

[0011] 

^T'S'l^T'#^;(fXtbTttNOx. HC, CO«Sr# 

[0 0 12] -^tz, ■n7.±y^m^\z^^^x, s-mffii 

±fE«Jia5^^(roViTt), ■fe>+>-t2:;W^^:ri5'-fejHc:^ 

[0 0 131 mtz. fii2(D^mii=e:^'$'-^}v^m^m- 
[0 0 14] ^Tz, ±miix±>^m'¥-\tmmi37.mm 

mmA^m'i^wix-mtst^\za7. y-mzhmmtt^'om. 
[0 0 15] ±$immm\t7)v^±^i$.^<Dmm 

ny^ -> U ^mimVfz±. v^v^ ^ti^^i ^ ti, ;i 
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-^^x^i57.-ty^m^(Dm^i5\Pi mm:^\P\) \z^i\ 
vrzm^x$>^. z<D^m^ti^2 o um^Mx^^m-^ 

^fz. ±IB^JP**^*5 0 0 0 tim^y^mKU-otzm-t. 
[0 0 161 ±tBtl3ro^WJCj5^A^S^;;^-b>-y- 

!&^e)«fS3nTVi«*i. ■^>-:f±i)l\zii^*^^m\t±.> 

;S««T'«^-r?.= m3©%?^(C7i^:6^-5>;<fX-lr> 

D-m=F\t, m-'W-m±iz&ts^mmi-i^x$>^rzib. # 
m^^Bizno ^tifix^^o 

[0 0 17] Sfr, •t>it-fe;i/tt#5£;yx^»«L-T± 

c^fkm^^y\zm'^^^xm^^7.m&^m.^-t^^o 

xm^x^^-»7.t\^x\tNox. HC, com^mii 

[0 0 18] ^Tz, iix-t>-*)-m^\zis\^^x, ^mmt 
^^^mii(Dm(Dmm\tmwmmKmm\zm-f^nrzu 
-Hse, m»mmmw.'^mmiRm^nm\.xwi»<E>nrz 

ti)m^L\>\ zn\z^r). mmu^\z^if^^}-i7i. 
m^&j±-r^:itt^x^^o 
[0 0 19] ^tz. ;y7.-t>ii-^i^tt. mm^^ymm. 
^(D@n^nmn^izt(D»m\zmi-ftt-n(Dnmt^y} 

MMv, ±fimm^x'^(Dmmms.t:^tii-r^j^^\z 

6) , :inf3j;t). f^^i}7.fSL^mm(om\z^mmii7. 
^(DWLmiixmm^iEm\zm^-r^:iti}^x^i> 

40 [0 0 2 0] [^-¥ffi±{3*50^T±IB-b:>-y-fe;i/ 

gB^»^T±sB t- ^ <7)jS^ as <!:M^TiBS $ nx S 

(Jtiit^#!!g) \zMLXi<^tmiimW.^i^ioU^^m^ 

[0 0 2 1] ^Ac. l^-¥®±(r43liT±l5-fe>+t-feJl' 
50 S;ttt±|2^-$'-fe;KZ)^^SBHJil2/lt>y-b;URtK± 
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nxt^-SiitdWi Li^i (ii!l*«8) . c:nirJ:0. -tr 
■5. 

[0 0 2 2] ^tz, m-W-m±iZii\^^X, ±tB-fe>t}-b 
t - (Di^^um ^ 5 > ^tstt ^ t-d^T # s 

[0 0 2 3] l^-¥ffl±fC*50iT±g3-t>-y-t;l' 

t - 5^ OSg^aS t(Dm\Z\tify> K «i^g|5*t©tt T ^ 

(if*«iO) , e:nJc:J:i9. •fe>+>-t;k 

[0 0 2 4] 

(mmmi) 0iRi/0 2ir^-rrt<, fe^i 

11.11 2i:^>:/-fe;U2. 
3, ±>D-t)V4, h-^ 19t^m^rc:)37.-t>'^)-m 
^'ITfeS. ±I3Sfei9)^:tf 1 11.11 2tt0f:tOD 

[0 0 2 5] ±fB5l?>::^-fe;V2tt. Kig'f :t>iS«1t© 
B<*««?S1S 1 6 <!:^-a)Sffilc:^ltfe-»©«ffi2 1 . 

2 2<?:±0«fie$n. mffi2 l«±i5S^i|i]^;yx^l 1 
1 t^ftSL. ±|B-?*(D«® 2 1,22 H*f-rf>il«fr 

^io±^Wim^i37.^i 1 iizmm^mx^tzmm-r 

[0 0 2 6] ±l3^z::S'-fe;l'3H, f&m-i^>mm^cD 

mi^mmnts. 1 4 ii^(Dmm\zmnz-M<r>nm3 1 . 

3 2 i J: 0 n. ±l2^ffi 3 2 tt±l3«Sl3t ^? 

1 1 2tMSL, ±^^mi^1i7smi 1 2©e3g»S«r 

^tb-r ^ J; 3 ii«ifiE $ nx ^ , 

[0 0 2 7] ±l3-t>-!t-t;P4«. ^^'f*>««i4ro 

e^4£«ft?s« 1 4 ii^<Dmm\zuifft-^(Dnm4: 1 . 

4 2 tiOfiifiJc^sn, ±fe«@4 2«±iBsa!)3t:tf;^^ 

1 1 2<!:?*iSL. Wim^1l7.'P(D^^i37.^^-CSb^^ 

9«. ±BB#>y-feji'2&t;±iE^r::^-fe;u3. ■fe>-y- 

■tr -/l' 4 ^m^(7)f£ttaS»3M-5 *TSPJSi-r -5 J: ^ fflflfr 
cfc D^l?ft-r-5^5lft{4: 1 9 1 ^M^TUiS. 

[0 0 2 8] ±i25}?>y-fe;u2. ^-^'-fe;i/3. -fe>-y- 
•fe;i'4&c;±iat-:$' 1 9 (D^mM 1 9 1 «. ^-n-en 

ii«fflS^r«ai^S{0{iiUffl<DSS^-»2 1 5, 2 2 5. 
3 1 4. 3 2 6. 4 14, 42 6, 1 94S:WL. ±Si 



(5) 

•fe>-y-feJU4Rt^^n5'-fe;i.3»3A^d»-5S«S^3 1 

4. 3 2 6. 4 1 4. 4 2 6«;*f7.-t>-y-3(l?^l©Ji;5*. 

:^m\zmmm^ifrLx ±fi}::-'^ 1 9Ri;±sE;}?>^-k 

;l'2JC*>7S>5SSTS82 1 5. 2 2 5. 1 9 4 tm^&llZ 
[0 0 2 91 fiiT. i¥SB»Iiag^-r^. 01&UJia2tt, 

1 tt, iSimm 13 2. #?Lse 1 3 1 . t.'^— 

13 3. ^:::a'-t;U3RZ/-fe>-y-b;W4*«!fifc-rs@«t 
10 miSSffil 4. T.'^-- y-1 5, 4?>7'-b;i'2$r;»fi!c-r* 
aft:fifS««16. X^-^-l7. t-^S«fil9 

6. t-^'SSl 9 5S:SIS-r5C:<hX«}|«$n;ta 

Jg. «tt©^:^-fe>-y-3S^iT»s, i^85ic:«^iRi^ 

^2«ail«;tf7.^1 1 1. 1 1 2. miRi;m2S«P;jt; 
X^l 2 1, 12 2t)mifX&^o 

[0 0 3 0] misa:m2Kaii:£^?7.^i 1 1. 112 

f^2^m^137.^1 1 2«^1 J;0t>Sjffl«;*J;^S5nT 

20 mx, m2\z^-rz:t<. h#«<»s«i4. leto 
ranficsf*;^'^— y-i 5t3j:«5SgiRt/^2«a!i^^ 
x^iii. 1 1 2f)m^-^n^o miRzfm2Wim^ 
ill. 112 (Dmtw^mm^^ 1 0 2 trxa 

[0 0 3 1] ±|SilAA 1 0 1 ttH«:ti»S« 1 

tt. cin«r3iiaLx^i&ot^2fe5aii^;tf7.^i 1 1, 

30 [0 0 3 2] ^tz, ^WmmnWil 4\Z\X ^7.-t>^ 

^TLse 1 3 1 ii^m^iJxM 111. 112 \zm-r^ 

^mm2l, 3 2, 4 2©t$S^. ^AT^l 0 ICBIS 
* OB&jfcSraWtLXSltX*^, ;^c4=, ±tB^A7t 1 

0 1 \tWLm^i}7.mKn<Dmm&^^mt Lx^ttx* 
i^^nmzmnfAmif e> n*, 

[0 0 3 3] ±HBmi&t;^2*«jl:«X^l 2 l&Ul 
40 2 2«. -3t©KSiaa?«:t)^S«|Se««fi;itf7.i LX 
:tf;^-fe>-y-m?^l(D^1.«5liWPf SIBPii^l 

2 5Rt;i 2 6cto^n-t'niiiA^*ai,cto«ifi£$nx 
t^-s, ^ 1 sip^JT.^ 1 2 1 \tmwnMmi& 1 6 ©t;^ 

irfiiesn^cT.^— y-1 7»cJ:0«^Sn-5. S2»ip 
:«f7.^12 2tt. H«:m»S«l 4©±:&JC«S3nZS: 

7, '<— y-1 3 3lrJ:0filfiK$n*„ 

(0 0 3 4] Z:C1»C#7.'^— y- 1 3 3,. 15. 17««e 

2. ^r.^'-t;i/3. •fe>-y-t;W4S:«^-r«fc«)©H«: 
so f|«Sl«14. 16«. i^;Ua-7-^-fe'J7«f®KlS-f 
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[0 0 3 5] ±ia3l^>^-fe;l'2li, H#:««SS1 6 

nfc-^<D«@2i, 2 2 t«t>3:/i^, -:&w«ffi2 1 
tt, ■mim^'^iiT.-M.i 1 Kr^BL, ft&:^(D«ffi2 2 

&tJt-b>-y"fe;U4 «. H«:m«S« l 4 «:i*A/T^-©a 
Blc:Wl6lE«^n;t-*f©mS3 1. 3 2SLt;4i. 4 
2 tiO^C^. «ffi3 2, 4 2«m2SES'l;g;yX^l 1 
2(r. «ffi3 1. 4 l«^2»«P;tf7:^l 2 2(C*flS-r '«> 

[0 0 3 61 ±f3>l^>7'-fe;V2, ^-^'-t;W3(D-:&(7) 
«S2 1. 3 2«. «ai]^:y7>1^©NOx©^i-«€:ffll*J 

^L-V^o ;iCDl^, ^^^^^(DAn<D^mWii, 1~1 
[0 0 3 71 -fe>-t}-fe;W4©-:&©«ffi4 21C 

mmt, 1 o~5 oas%ssfr^©*tsii. ^fr, 

miS:l/^2***fX^l 2 1. 1 2 2lCffi-r^5J^>3^ 

-t;w2. ^::i^'-fc;i/3, •t>-y-fe;w4©«ffi2 2. 3 
1, 4itt. mxML, p t #.?LS-y— ^ 

[0 0 3 81 0 2lC^f ^:i:<. ^«ffi2 1, 2 2, 3 
1, 3 2. 4 1, 4 2tt. K«SJc:^^-r§a<ffl*^-« 30 

ffl*^*?t«$tiT<,iS. ■rts.t:>'^. 5l^>:^-ir;V2tcoi/^T 
?^fi!c$nfc'J-Hffl52 1 1. 2 2 It. S'J-F^2 1 

1,221 tn%m\z.m'm^t ^ntz, x-^-- it- 1 7 
nsitte>nitxji'— >'V2 12. 222. t-:?^* 
ffii 9 6(c:itite>nAcx;v-3j^-ji'2 1 3. 223^, 
t-^»fii 9 5tt5vte>n;t7.;w-7i^-;v2 14, 2 

2AtiflWLnX%K>, m.^(r>7.)\'-it--)V2\A, 22 4 
4H^*bSS^g62 1 5. 2 2 57jtit«»jitTV^S. 
[0 0 3 91 =^:z.'Sf^i)V 3 IroV^Tfi. 3 1 1— * 
JgfiK^n^cU- KSe3 1 1 . 7.-<-^- 1 3 3 fl^lt/t 

x;i'-5}^--'V3 1 2. sfii»«i 3 2\zm.mz7.)v--t-- 

)13 1 3R?>*ig^^S15 3 1 4 5:«b. C:neJi^«^«<^# 
iiUTV^'S. ^:^5'-fe;U3©«S3 2«. 

3 2t— «£j^^$nit<j-Ha53 2 1. iint^ii-rs 

T^JU-T^-^V 3 2 2 , rta5^^^3 2 3. S^cX-?.— tJ— 
1 3 3 \zmnz7.)V--^s-)V 3 2 4. «g»« 1 3 2 UK 

ttfcx;v-*-;u3 2 5Rt;s^SB3 2 6«r«t. c:n i 



[0 0 4 01 -fe >-!t-fe;l' 4 {'■::) ViT'bHSlT. «S4 1 
t-«^J^Bic$nfc'J-Ka54 1 1, T.-^— !t-l 3 3tr 
ISttfc7.;V-*->'V4 1 2. ^feigtSl 3 2H|gtt/i7>;V 
-3^-;i'4 1 3Ri;^Tg64 1 4S:WL, ;m?>*^«^ 
Mfl^aibTVi?). «ffi4 2«, ^I|ffi4 2i:- 

«:j^^$nfe'j-Ka54 2 1. ^ntsa-r^x;v-4^ 

-;W4 2 2, n^^^A2Z, *;t7>'<— 9— 1 3 31' 

Ktt^c7>;v-*-;v4 2 4, S6»« 1 3 2 \zm.mz7.)v 
-5^^-j^4 2 5Rt/5SiT§54 2 6 $r*b, ;ine.*^«^ 

[0 0 4 11 ^^T, @fl:««K«14, 16©«ffi2 
1. 22. 31. 32. 41. 4 2y.^ro«J-H2 1 

1. 2 2 \m'ffim^^nit^mz-z>\<^x\i, ^w-mmm 

«14. 1 6t'J-HIK2 1 1, 2 2\mt.(DfSi\Z, x 

[0 0 4 21 ±fefc:-3'19ti. 7Jl'S-:MSOt-^'* 
S 1 9 5 t. 19 5 <D«®lrn^-:n>// 

j^^$nfeii«5ii?!i-r^5g^«^i 9 1 1, 9 
i(D«® (x^— y-i 7fiijw«®) \z, mm(ryrzt>\z^ 
Bbifct-^'Scafei 9 6 iiDi^-s. ^fi^^i 9 1 

fflt,^e.n^o ^0[)t:-^19tt, ?§f!:^ 1 9 1 Sr^l-SEA^ 
e.<Dl&«tcJ;Df6f^$-ta:. ±IE*-fe>ll'2. 3, 4?rfgtt 
{btaS^TUPllft-r^^cs&JrKitTfeS, ^^*i 9 He 
**-r?.S&««. ^fi#:l 9 l(::-^*:W^'J^fi!^Snfc'J- 
Ha5192. XJW-*-;H9 3. Sg^l9 4«::ft-b 

[0 0 4 3] iifa&138^a5 3 1 4. 4 1 4. 3 2 6. 4 
2 6. 2 1 5. 2 2 5, 1 9 4«3:t-i'^'^«:^bTffi 

i:§-feJV2, 3, 4&t;t-^ 1 9 troffi^ro-^OSlD 
T&^pJ^gt^ioTt^-i) (BBS) . «feiit«l 3 2, # 

?L5IB13 1. X'^^— y-13 3. ^^5'-fe;U3Rt;-fe> 

■y-fc;w4^:»j5Ef^H^««K«i 4, x^— y-15, 
5i^>:/-fe;i'*iiifig-rsH«^««*s« 1 6 , x^-- y— i 

7, t-^fea«19 6, t-:S'a«19 5«. Hi^^ 
-T/k-Kft^ifbmbsRJgft^t^ckO. lgWS:->- 
hJ^«frfiKJ^bfc4->-htc*fb, §mffi2l^, u- 

I h*a52 1 1^, X;V-3^-Jl'2 1 2*1. SS^gB2 1 5^ 
?&7.t?'J->ff8iJ«l3J:0J^^b/S:t)<D€:. 02l'^f 

[0 0 4 4] :^tr. *«ii|ro:tfx-t>-y-«^©»^MSS: 

13 1, mxn 10 1 sajfibT^ 1 1 1 

wzMx^n, ;^i^T, ffifis^a?si 0 2HTaa$ 
ixrz'm2^m'&-^7.'S.\ 1 2tcSA$n?>. #Asn-5 

#7LS® 13 1. #A7^: l 0 i ©ffiflfcJSStH 
0 J;Oft:£$n-?). 
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[0 0 4 5] 3l^>:/-feJl'2G)-?SCO@ffi2 1. 2 21'. 

mm^^m't^t. ±i3mitsa93t^x^ 1 1 Komm. 

j;^tm£E*H]pi-r*t, %\mi$-^7.^\2\m<Dn 
^2 2±.t2m.mm7z^n'zm$^-(-^>tfs.Ki. 3j?>tr 

[0 0 4 61 ^z:3'-fe;U3<7)-«©li«|3 1. 3 2 ir. 
^2»ip;it;x^l 2 2ffll©«iffi3 
m^CD^ffi («»JA«+0. 4 0 V) !£EppJ-r*t. ±IE 
mm&%ii7.M \ 1 2fi!l©«g3 2±-c«ii«;tf7.fp 

\z^y)m.m2im\z^Wi-^n^, n^z2\i., noxcd 

«S3 1. 3 2rafc«n?.^^'f ^>«8Stt. #?LMS 

1 3 1^. aiAT^i 0 1. mm&'&-fi7.^\ i im^ 
iiiiLT, ^(r>n.mz2\z3mir^m!(&ii7.^(DmM 

[0 0 4 7] t^oT. :i©ttffi3 1. 3 2rBlCDmflSfit*^ 
mJt<7)-:£« O. 2 m A) H^a^i^li. 3P 

>3''-fe;i- 2 cDitg 2 1.22 Bg©8ii)n«ff S:©i®Tn 
tf. ^2feffl!l^:*;;^^i 1 2 o^|giSg[?£-^tcSiJffliT 

[0 0 4 81 ■t>-tf-fe;l/4W-**(D®ffi4 1, 4 2f;:. 
l|2Si^i:*J7.^l 2 2{RiJ©«@4 \ti^-¥mtt^^i:o\z 
«E (C'Jx.a, 0. 4 0 V) ^EPUn-r^o 2l^?B']S:tf7. 
^1 1 2fi9<D«S4 2«. NOx(Z)5}-^Hgtt;^iP t - 
Rh-9— hmffiTa&5fc«).. ^^84 2±TSa!l;t 

3}^>hf>yf^ffl(cj;o«ffi4 im\zm\h^n^. 

[0 0 4 9] ^:n:5'-fe;l/3(D«ffi3 1. 3 2PBlWliSiEffi 
di-^ffl (««IA«0. 2m A) \Zf3.^X'^\Z, 7j?>:/-fc 
;l'2^»JffllLTI.^^, sai|^:y7.^lcNOx 
*^#«EL/ittn«. ■t>+H:;l'4©«@4 1. 4 2Pb1<7) 

mx\to. 2 (I A) \zmm^ni>, - 

NO xifi«7it^ffiBlfilt;^j:^, 
[0 0 5 0] ;^if:. *0iJtc*^*^2):tf7,-fe>-y-5g^©14tg 
»IOl^TI¥<ErS. ^3\Z, :^miZi!}^i>^?>1iX±>-*)-m 

'Ttit^m\zf)^i)^^ii7.-t>-^m'?'iiiztnf^-t>'>)-m 

1, 10. 2036. NOxilg0~6 0 0 p pm (^7 
>7.ii7.\iN2) <om'^:fiX?S:n^m^>lzm^VX4 5 



SttiS (No«mt-t>-y-t;i/m^M<h(DS«$s^-rtt 

■tJl/&tK^:r:3'-fe;U'\0 !J -i/«8l*t^<kL;ti!Sfti# 
[0 0 5 11 Cinfr^L. :^m\Z*^i!)^i>i3x-t>D-m'f- 

1 tt. 7j?>:f-t;i/2*^6)©'J-i'«ifiid«Jf*-*init^tt 
fc«ei&JiT*s;^'<— It- 17. 15 jcoTSSrtra 

10 ±Aim^mz^m-^n^tzib. u-'^nmiz^^mi^m 

[0 0 5 21 04»C. :^m<Di37.-t>'i)-$li^tit 

^m\zti^t)^^1i7.±yD-m=FHziiif^, ■fe>-y-#i±a) 

a-rs:tf7.ms*i2 st:. 450*0, looo'ciri^?. 

^■o\zlmm-r^, 

[0 0 5 31 it^mizi)^i!)^^ii7.±>D-m^'r:\it, SjftJ 
(NOii^i-t>1i-t;m8Sffl<!:(DHff>^^-rtti^) 

^A^ii(Du--^mmA^^^mzm±^n^rctb. no^ 

[0 0 5 41 2|£0iJ®;*J;^-lr>-y-f!IT<Df^fflS!i*f3OViT 

itt^gr^.. *eij-c«. ss/h«ss*^ffi-r^-t>^-t;i/3 

30 RZS=E—'S'-\Z)14(D^^^3 1 4, 3 2 6, 4 1 4. 4 

2 6<!:, ^u\z^iowmm&f)^$^itL. it^6^±mm<D 
sitnssj; >:/-ir;u 2 st/t-^ 1 9 ©is^^sp 215.2 
2 5. 1 9 4t^. ^mmtLxmm■t^x^-'^)—l 
5, 1 7$-w{igBaLT, x-t->-y-^^ 1 ®«S®Ji 
m^A^tn^n&mt^^-oiz^mvT, m^rm^M 

(D^iiimm\znmmizs^mmj.\,mmz*j-i7m^(Dm 

« 10 0 5 5) m:mmmm2 

:^m0i17.±:y'^^m^5\t. ms, m6iz^-r^t<. 
■fe>-t}-lr;W6 4. *>:^-t;;U6 2, ^zi^'-k;u6 3. t 
5 9H. ^n^nmmmirz\tm:hmioaivm(Di^ 

^fiB6 2 5. 6 2 8. 6 4 9. 6 3 9. 1 9 4. 6 3 8 

2. 6 4 8 2<£:WL, ■^>'^-\l)V6 4RZS^--$'-t.)l6 
3(DSS^gC6 4 9, 6 3 9 tt->-f±)l6 2(Di^f-m6 
2 5. 6 2 8t(DPBl. -t^-y-fe-lUe 4&Lf:^-:S'-t;V6 
3©«8^g56 3 8 2. 6 4 8 2 t k-^S^O^^-gS 1 9 4 

50 [0 0 5 6] 2|Eey©;^;7.-b>-!i-3S^5cD«|j5!EH. 05. 



te B i 9 n n ?-a ? a ii? ( p ?n n ; -s g 8i i 2A> - 



13 

m&\Z^t^t<, #7LS15 3 1, @#m«?s«5 
4, X'^-- y-5 5. H<*:«»M«5 6. X'^-- !t5 7, 

4 flSltX fe D , «S 6 2 1 5 3 1 lr*fffi1- 

X-^-- 9-5 5(::cJ;0«lfiK^nfcmiS.t;m2feiB!l^ 
^J7>^5 1 1&I^5 1 2{CML.T. H#:««M«5 4t' 

to 0 5 7] ^bTH«^««S«5 6©T:&tX^— tJ- 

[0 0 5 8] 5}^>-/-fe;l'6 2<D«S6 2 1, 6 2 2«U 
-h'a56 2 3, 6 2 4, T.^l'-^-Jl'S 2 6 «::n-LT, 

-en^'nssTSE 6 2 5 . e 2 8*««a;snTtiS. 

5'-fe;l<'6 3 05Sffi6 3 lliU-HSBe 3 3. XJl'-*:- 
jl.6 3 5, 6 3 7€::/M>TSa^ia56 3 9tr, 3 2 

e'J-Ha56 3 4. 7>;l/-*-JU6 3 6. 6 3 8, 6 3 
8 l*:fM^TS^^^6 3 8 2tCl**U«a$nTtiS, -fe 
>-t)-feJW6 4(7)Sffi6 4 lttU-HI86 4 3, 
-;i/6 4 5, 6 4 7<£:n-UTlS^a56 4 9{3. «S6 4 
2«'J-HgB6 4 4. 7>;l/-:4^-;W6 4 6. 6 4 8. 6 
4 8 1 *:ft-UTS8^«P6 4 8 2 fC*tU#ii$nTV^€>,. 
[0 0 5 9] d^lT. H(*a»SI*|i5 4, 5 6 (r^ttfc 
«ffi6 2 1, 622, 631, 632, 641, 642 

jjii^i-©u-h'ge6 2 3,6 2 Amtim^^ntzumz-:) 

ViXtt, @{*:«<»S^^5 4. 5 6 tU — 2 3, 6 

(r, iffi^gP6 2 5, 626, 639, 649 «, S#:« 

[0 0 6 0] -^-bX, ^=f-U\ 9 4i:Sffi^liE6 3 8 2, 
6 4 8 2i:(DPBl, >^^gB6 2 5, 6 2 8 t'«^gl56 3 
9. 6 4 9t(7)PBltt^7>K«i^gI55 0 0*^KltXfe 

[0 0 6 1] ^m\zi)^i)^^-f37.'\Ly^m-z\z^n\t, 
^^m^mwm\zmf^^t\, $^.tc4?>7'-t:;i'6 2 43i; 

t;t-^5 9A^?)<D'J-i'li»ii^^>K«Tgi55 0 0 

cisn^itfe. -k>-y-fe;u6 4. ^:^^'-fe;i/6 3H^-r 
iE{t^i!^«:yxjs«^&^ai-r^;ii75^X'#-5. 

[0 0 6 2] TSiJ. 07 (a) \Z7T:-r^ii<, ^7.±> 
■y-3l^7<D«®7 OJl^b, t-5'C7)SS^gi57 1, 
7'-fe;l/©i^^a5 7 2 , ■fe>-y-fe;K7DiS^gB7 3 t^OXS 
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l^»Srg«-ri)^:t*ix#§, 0 7 (b) ir^-r 

z:t<, :tfx-tr>ii-3ll^ 7 0SH7 Oir^L, h-^O 
^^^5 7 4 i:-fe>-t)-fe;K7)!^^ai5 7 5^^lt^tc:*/t 
0 . Se^SB 7 4 0Mt^&.m. 7 4 0 tjffi^gP 7 5 
B7 5O«:ig0(I*-ri:<!:<itLX^tt?)ilt'b^fllX 

IISW{3:^^<-r5^:i:*^X^. 'J-i7«8£^/Js$ <t" 
10 [0 0 6 3] itWiW 

08H. S£*J:<ae>n/5::tf7.-fe>-y-^^9$:^Lfc'b 
rox*^, mi»ail^;yxS5 1 1 <i:^*®-r^J:^JJ^> 

7'-fe;i'2*«s:^n. S7j^>:/-fe;v2i;:«BE^siup-r^ 

Z.tTmilB^m^1iX^5 1 lrtlCJ5?)K*«r^^-^1-«» 
A;J^>lf>y*^c«^lSS!l5e:«fX^5 1 1 rt'^^Tl 

[ 0 0 6 4 ] ^ 2 «a!lS;!fX^ 5 1 2 I^^C^K^^iS^^ 
»I oj^i^:Ezi^'-fe;V 3 Sr^tt. Jl©^:::5'-b;l'3l;J;0 

^ajsn^ii2sate;yx^5 1 2 F*g(Dit^i8S*^-^ 
20 (h^i^siptd. ■!i^>zr-t)V2f)^y^-'p/'^yi7mm^n 

[0 0 6 5] B2Ka!l^^fX^5 1 2lc:tt, NOx*^e) 

^x#^i5;^<t-fe>-y-fe;i'4^^itx43<A^, ±j2!ibAc 
3:t<ii2s^j9i^:tfxa5 1 2p^0nmm&\t-^\zm 

«ISnX^i?), ttr^X. ■fe>-!J-fe;l'4^S:«^«lf 2>K^'f 

:t>0», gPt.-fe>1t-t;l/4(ri5tt^^^'r*>«8it® 

30 -si^tA^Tfr-s. 

[0 0 6 6] L^^b^^fTJ^e, ;ia)«^s;xtt5}^>7'-t;v. 
®^^B56 2 5, 6 2 8<h^:r:^-t;W3BLl^-fe>ii-t>il' 
.4©^^IIC6 3 9, 6 4 9*^jfi^L, *;fch-^5 9(7) 
^g^aSl 9 4 t^:r:^'-fe;i'3RUf-lr>-y-tJl'4©!S^?K 
6 3 8 2, 6 4 8 2 tA^jfift-r?)fe*. 'J-i7«SSro». 
^SHioX, ■t>-!J^-fe;W4-^^:::i:S'-feJW3CDai:^ffl*^ 

[09(Dfll!¥^iSi^] 

mi] MMmi\zt5n^. (a) ^fx-fe>-y-*^©»r 

40 ffisiBjs, (b) (a) (DA-A^mmmmmmo 

0O 

[0 3] mmmnziH-f^, (a) tJ!5t5HA^*^^;*fX-b 
>-y-*^ © N O^iS <h -fe >-y-t iU«Sit t cOFbT n A^*^ ^ N 

ommmm<Dmmm&^^\i^7^-r^m, (b) 

75^*> S X -fe >ii-^^ O N o t -fe >-y-fe;w«8SE t ® 
[04] mt&MUzm^^, (a) iit*{c:^A^S;*fx-t 

50 o^g!ttiSi©taKfe#tt*^i'iia0. (b) *wti*^A^ 
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5 if 7,-fe >-!t3g^ (D N O j8S t -t >-y-fe>imtiiii: ©FbI t 

© (a) JPM0. (b) »fSiJiH^0, (c) t-^'Sffi 
ffl!lA»e>«-;t¥ffiS, (d) (b) H45tt^B-B5^^»r 

[06 ] IISfi0lJ2t:fe(tS. ^;^-fe>1J-3!lT©«^«SBfl 

[08] itl4eiJl3*5ttS, ;97.-b>-y-3g?^©^«SM 
[01] 



OSl) 




1. . . :«7.-b>+>-3!S^. 

14. 16. . . Hflt««?S«. 
133. 15. 17... J^'^— y— . 
19... k-:?. 

1 9 4, 2 1 5. 2 2 5, 3 1 4, 3 2 6. 4 1 4. 4 

2 6. . . SS^. 

2. . . -^^yzf^DV, 

10 21.22.31,32,41.42... 

3. . . 

4. . . •fe>iJ-fe;U. 



[02] 



(n2) 




(10) 



[04] 



(93) 
(a) 



-tl 











1 





(b) 



ot m 

Oi 10% 

Ol 20% 



20Q 400 
NOilgE(ppm) 



600 




Oi 1% 

Ot 1096 

Oz 20% 



mSl:tf;!(iU:450'^ 



200 400 
NOStft(ppnn) 



600 



(g9 4) 
(a) 



I. 

(^A) 









w 

1 






i 





25^ 

4501C 

----- looonc 



iMStt:1% 



200 400 
N02ft(ppm) 



600 




200 400 
NOSftCppm) 



600 



[0 7] 



(187) 
(a) 



(b) 





740 



750 
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(H5) 
(a) 

(b) 




54 531 
501 / 621 



iiyJ-^u ill 

®^ 521 500 



59 



(e) 
595. 

(d) 



631 




632 



595 



[06] 



(B6) 



531 




55 



502^612 631^?^643 



635 
645 



56--^ 




521 525 



638 



501595 




636 
646 



648 



6481 



6382 



(08) 




6382 
6482 



(12) 

(72)5g§q# Sin (72)fSI^# ttR 



